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Abstract: In the ELBE Center for High-Power Radiation Sources, the superconducting linear 
electron accelerator ELBE, serving  two free electron lasers, sources for intense coherent THz 
radiation, mono-energetic positrons, electrons, γ-rays, a neutron time-of-flight system as well as two 
synchronized ultra-short pulsed Petawatt laser systems are collocated. The characteristics of these 
beams make the ELBE center a unique research instrument for a variety of external users in fields 
ranging from material science over nuclear physics to cancer research, as well as scientists of the 
Helmholtz-Zentrum Dresden-Rossendorf (HZDR). 
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Figure1: Layout of the ELBE Center accelerator and beamlines: FELBE: infrared radiation from Free 
Electron Lasers; gELBE: Bremsstrahlung; TELBE: coherent THz radiation; pELBE: positrons; nELBE: 
neutrons, direct electron beams for radio biology and detector studies; Petawatt lasers Draco and 
Penelope with electron - laser interaction area. 
 
 
1   ELBE Superconducting Electron Linear Accelerator 
 
The Radiation Source ELBE is based on a superconducting linear accelerator that can be operated in 
high average-power mode (quasi continuous wave mode, CW). Electrons are pre-accelerated in a 250 
keV-thermionic DC electron gun and are pre-bunched in a two-stage RF-buncher section. The main 
accelerator consists of two 20 MeV superconducting linear accelerator modules operating at 1.3 GHz 
which are cooled with liquid helium. The RF power is generated by transistor amplifiers, controlled 
by the low level RF system. With an electromagnetic chicane between the modules, the micropulse 
duration and energy spread of the beam can be optimized. The accelerator is mainly controlled by 
the control system, and the electron beam parameters can be measured by multiple diagnostic tools 
(Teichert et al. , 2006, 2014 and Michel et al., 2008 and Gabriel et al., 2000). 
   
 
SPECIFICATIONS OF THE ELBE LINACF High-Repetition-Rate THz Facility TELBE 
Max. energy      36 MeV 
Max. current     1.6 mA 
Micro-pulse repetition rate    13 MHz/2n up to single pulse n=0, 1, 2…6 
Micro-pulse length     1 - 10 ps 
Macro-pulse repetition rate    1 - 25 MHz or CW 
Macro-pulse duration     0.1 - 40 ms 
Max. bunch charge thermionic gun   100 pC 
Max. bunch charge SRF gun    1 nC (goal) 
 
 
2   Free-Electron Laser FELBE 
 
The free-electron-laser facility, FELBE, provides picosecond infrared pulses. Two free-electron lasers 
cover the mid- and far-infrared spectral range from 4 - 250 μm. 
 
FELBE SPECIFICATIONS 
 
The FELBE user labs are equipped mainly for time-resolved spectroscopy. The following additional 
equipment is available for users: 
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 Various table-top NIR and THz sources that can be synchronized to FELBE 
 Setups for single-color and two-color pump-probe experiments 
 Time-resolved photoluminescence measurements 
 Near-field spectroscopy and Fourier-transform infrared spectroscopy 
 8 T split-coil magnet with optical access 
 Pulsed magnetic fields up to 70 T (150 ms magnetic pulse duration) due to an optical transfer 
line to the adjacent Dresden High Magnetic Field Laboratory   
(Mittendorff et al., 2015 and Ozerov et al., 2014 and Dienst et al., 2013 and Kehr et al., 2011 
and Beck et al., 2013) 
 
3   High-Field High-Repetition-Rate THz Facility TELBE 
 
A new facility for the generation of low-frequency, high-field THz pulses, covering the lower THz 
range between 0.1 and 3 THz, is currently being commissioned. The fundamental generation 
principle is based on superradiance from electron bunches that are appropriately shorter than the 
inverse frequency of the desired THz pulse. Pulses from TELBE will be carrier-envelope-phase stable 
and can be provided at flexible repetition rates between a few tens of Hz to 13 MHz. The accelerator 
will be operated in a new high-charge mode, providing bunch charges up to 1000 pC and pulse 
energies up to 100 μJ.   
 
TELBE SPECIFICATIONS  
Radiator type    charge  Reprate Pulseenergy  Bandwidth  field cycles 
   /pC  /KHz  /µJ  /%  /number 
 
Undulator  < 100  ≤ 1.3 x104 1  ~20   8 
< 1000  ≤ 500  100   ~20   8 
Diffraction  Radiator < 100   ≤ 1.3 x104  0.25   100   1 
< 1000  ≤ 500   25  100   1 
 
The TELBE laboratory is equipped for time-resolved spectroscopy: 
 Two femtosecond laser systems 
 THz spectrometers 
 High-field THz source based on optical rectification 
 Different end stations for time-resolved THz pump-probe experiments 
 10 T split-coil magnet with optical access 
User operation with preliminary parameters is envisaged to start in 2016 (Gensch, 2013 and Tavella, 
Stojanovic, Geloni, Gensch, 2011). 
 
4   Mono-Energetic Positron Source pELBE 
 
Positron beams of variable kinetic energy and with adjustable repetition rate are used for positron 
annihilation lifetime studies (PALS) and Dopplerbroadening spectroscopy (DBS). Both techniques 
allow for depth-dependent defect characterization studies in thin films, porosimetry, and basic 
research on positron and positronium annihilation. Bunched positron beams are generated by means 
of pair production from high-energy electron bremsstrahlung (max. 36 MeV) produced inside a 
converter from the superconducting LINAC. Positrons are injected into a tungsten moderator, then 
thermalized and extracted at a fixed kinetic energy of 2 keV and transported by magnetic guiding 
fields to the measurement area. Before reaching the sample under study, the positron beam is 
rebunched and post-accelerated to the desired energies. The repetition rate can be adjusted in order 
to cope with various annihilation lifetimes of up to about 150 ns. With variable positron kinetic 
energies samples can be investigated from the surface to a depth of about 2 μm.  
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pELBE SPECIFICATIONS 
Energy  0.5 - 20 keV 
Repetition rate 1.625, 6.5, 13 MHz 
Intensity  5・105 / s 
 
EXEMPLARY EXPERIMENTS 
 Pore size distributions in micro-porous gas-separation membranes 
 Porous structure of ultralow-k dielectrics for semiconductor applications 
 Structural and thermal vacancies in metal alloys 
 Defect-induced ferromagnetism in diluted magnetic oxides 
(Jungmann et al., 2013 and Elsayed, Krause-Rehberg, Anwand, Butterling, Korff, 2011 and 
Liedke et al., 2015 and Beck et al., 2013) 
 
5   Bremsstrahlung Facility gELBE 
 
Electron energy range     6 - 16 MeV 
Flux on niobium foil target   109 s-1 (max. average current 0.7 mA) 
(2 cm) for production of γ-rays   
Collimator      2.60 m long high-purity Al tube 
Detectors      4 HPGe detectors surrounded by BGO escape 
suppression shields 
Detector geometry    2 detectors at 127°, 
(relative to the incident beam)   
2 detectors movable between 90° and 127° 
Mounting of other detectors    LaBr, BaF possible 
 
γELBE is particularly suitable for: 
 Photon scattering and photodissociation experiments 
 Gamma-induced positron spectroscopy (GiPS) using positron 
annihilation lifetime studies (PALS) 
 Tests of photon detectors at high energies (Massarczyk et al., 2014 and Makinaga et al., 
2014). 
 
6   Neutron Time-of-Flight Facility nELBE 
 
HZDR operates the world‘s only photoneutron source at a superconducting electron accelerator. 
Intense beams of fast neutrons with a repetition rate of more than 100 kHz are produced for high-
resolution time-of-flight measurements with a background-free flight path in the range of 4-11 m. 
Experimental setups include: 
 Elastic and inelastic neutron scattering 
 Neutron-induced fission 
 Transmission measurements of the total neutron cross section (Beyer et al., 2014 and 
Schillebeeckx et al., 2012). 
 
7   Direct Electron Beam in Air 
 
The direct electron beam may exit the vacuum chamber through a thin beryllium window. As the 
beam can be used in air, dedicated detector tests are possible as well as irradiation of living cells, 
thus enabling radiobiological experiments. A biological cell laboratory located close-by can be made 
available to users. 
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SPECIFICATIONS OF THE ELECTRON BEAM 
Beam property    Operation mode   Value 
 
Number of bunches/ s   CW     13∙106/ 2n ; n=0,1, 2, …6 
single-pulse mode  1 - 1.3∙107 
single electrons   1 - 105 
Charge/ bunch    CW     ≤ 7.77 pC 
single-pulse mode   ~1 fC - ~100 pC 
single electrons   1 - 20 elementary charges 
Jitter of reference clock   all     ≈35 ps 
 
Exemplary Experiments: 
 Detector time resolution in the picosecond range 
 Rate characterization capability of detectors up to MHz/cm2 
 Recombination loss in gas- and liquid-filled ionization chambers 
 Cell culture response to electron pulses of ultra-high pulse dose rate  
(Wang et al., 2013 and Naumann, Kotte, Stach, Wüstenfeld, 2011 and Karsch, Pawelke, 2014 
and Laschinsky et al., 2013) 
 
8 High power lasers Draco and Penelope 
 
Advanced accelerator research on laser plasma based schemes and related secondary radiation 
sources is performed with the two independently operated Petawatt laser systems Draco and 
Penelope. With Draco building on commercial Ti:Sapphire ultra-short pulse laser technology, 
experimental areas for the investigation of high contrast laser-solid and laser-gas interaction are 
provided and presently offered to users on a collaborative basis. Joint experiments with 
synchronized laser and electron beams are supported. Penelope exploits unique energy efficient 
direct diode laser pumping technology and will provide higher pulse energies at unprecedented 
pulse repetition rate, optimized for ion acceleration studies.  
 
   Draco dual beam Penelope (under construction) 
Technology  Ti:Sapphire   Diode pumped Yb:CaF2  
Pulse parameters 30 J / 30 fs  150 J / 150 fs (available 2017) 
   3 J / 30 fs   15 J / 150 fs (available 2016)  
Repetition rate  up to 10 Hz  up to 1 Hz 
 
(Zeil, et al., 2010, 2013 and Siebold, Röser, Löser, Albach, Schramm, 2013 and Jochmann, et al., 2013) 
 
 
References 
 
Beck, M., Rousseau, I., Klammer, M., Leiderer, P., Mittendorff, M., Winnerl, S.  . . .  Demsar, J. (2013). 
  Transient Increase of the Energy Gap of Superconducting NbN Thin Films Excited by Resonant 
  Narrow-Band Terahertz Pulses. Physical Review Letters, 110(26), 267003.  
  http://dx.doi.org/ 10.1103/PhysRevLett.110.267003 
 
Beyer, R., Schwengner, R., Hannaske, R., Junghans, A. R., Massarczyka, R., Anders, M.  . . .  
  Wagner, A. (2014). Inelastic scattering of fast neutrons from excited states in Fe-56. Nuclear Physics 
  A, 927, 41-52. http://dx.doi.org/ 10.1016/j.nuclphysa.2014.03.010 
 
Dienst, A., Casandruc, E., Fausti, D., Zhang, Eckstein, M., Hoffmann, M.  . . .  Cavalleri, A. (2013).    
  Optical excitation of Josephson plasma solitons in a cuprate superconductor. Nature Materials,  
  12(6), 535-541. http://dx.doi.org/ 10.1038/NMAT3580 
Journal of large-scale research facilities, 2, A39 (2016)                   http://dx.doi.org/10.17815/jlsrf-2-58 
 
 
6 
 
 
Elsayed, M., Krause-Rehberg, R., Anwand, W., Butterling, M. & Korff, B. (2011). Identification of    
  defect properties by positron annihilation in Te-doped GaAs after Cu in-diffusion. Physical Review  
  B, 84(19), 195208. http://dx.doi.org/ 10.1103/PhysRevB.84.195208 
 
Gabriel, F., Gippner, P., Grosse, E., Janssen, D., Michel, P., Prade, H.  . . . Wuensch, R. (2000). The   
  Rossendorf radiation source ELBE and its FEL projects. Nuclear Instruments & Methods in Physics  
  Research Section B-Beam Interactions with Materials and Atoms, 161, 1143-1147.  
  http://dx.doi.org/ 10.1016/S0168-583X(99)00909-X 
 
Gensch, M. (2013). Super-radiant Linac-based THz Sources in 2013. Proceedings of FEL13, New York,    
  24-28.8.2013, Paper WEIBN0001. Retrieved from http://epaper.kek.jp/FEL2013/index.htm  
 
Jochmann, A.,  Irman, A., Bussmann, M., Couperus, J. P., Cowan, T. E., Debus, A. D.  . . . Schramm, U.   
  (2013). High Resolution Energy-Angle Correlation Measurement of Hard X Rays from Laser- 
  Thomson Backscattering. Physical Review  Letters, 111(11), UNSP 114803.  
  http://dx.doi.org/10.1103/PhysRevLett.111.114803 
 
Jungmann, M., Haeberle, J., Krause-Rehberg, R., Anwand, W., Butterling, M., Wagner, A.  . . . Cowan,  
  T. E. (2013). First experiments with MePS. Journal of Physics: Conference Series, 443, 012088.  
  http://dx.doi.org/ 10.1088/1742-6596/443/1/012088 
 
Karsch, L. & Pawelke, J. (2014). Theoretische Untersuchung der Sättigungskorrektion von    
  Ionisationskammern in gepulsten Strahlungsfeldern bei beliebiger Pulsdauer. Zeitschrift für    
  Medizinische Physik, 24(3), 201-210. http://dx.doi.org/10.1016/j.zemedi.2013.10.007  
 
Kehr, S., Liu, Y. M., Martin, L. W., Yu, P., Gajek, M., Yang, S.-Y.  . . . Ramesch, R. (2011). Near-field  
  examination of perovskite-based superlenses and superlens-enhanced probe-object coupling.   
  Nature Communications, 2, 249.  http://dx.doi.org/10.1038/ncomms1249 
Laschinsky, L., Baumann, M., Beyreuther, E., Enghardt, W., Kaluza, M., Karsch, L.  . . .  Pawelke, J.  
  (2012). Radiobiological Effectiveness of Laser Accelerated Electrons in Comparison to Electron  
  Beams from a Conventional Linear Accelerator. Journal of Radiation Research, 53(3), 395-403.  
  http://dx.doi.org/10.1269/jrr.11080 
 
Liedke, M. O., Anwand, W., Bali, R., Cornelius, S., Butterling, M., Trinh, T. T.  . . . Potzger, K. (2015).  
  Open volume defects and magnetic phase transition in Fe60Al40 transition metal aluminide.  
  Journal of Applied Physics, 117(16), 163908. http://dx.doi.org/ 10.1063/1.4919014 
 
Makinaga, A., Massarczyk, R., Schwengner, R., Beard, M., Doenau, F., Anders, M.  . . . Wagner, A. 
  (2014). Dipole strength of Ta-181 for the evaluation of the Ta-180 stellar neutron capture rate.  
  Physical Review C, 90(4), 044301.  http://dx.doi.org/ 10.1103/PhysRevC.90.044301 
 
Massarczyk, R., Schwengner, R., Doenau, F., Frauendorf, S., Anders, M., Bemmerer, D.  . . . Wagner,  
  A. (2014). Nuclear Deformation and Neutron Excess as Competing Effects for Dipole Strength in  
  the Pygmy Region. Physical Review Letters, 112(7), 072501.  
  http://dx.doi.org/10.1103/PhysRevLett.112.072501 
 
May-Tal Beck, S., Butterling, M., Anwand, W., Beck, A., Wagner, A., Brauer, G.  . . .  Hen, O. (2013).  
  Study of Neutron Induced Defects in Ceramics using the GiPS Facility. Journal of Physics:  
  Conference Series, 443, 012076. http://dx.doi.org/10.1088/1742-6596/443/1/012076 
 
Michel, P. (2008). The radiation source ELBE at the Forschungszentrum Dresden-Rossendorf.  
  Nuclear Science Symposium Conference Record NSS#08 IEEE, 3078 
  http://dx.doi.org/ 10.1109/NSSMIC.2008.4775006 
 
http://dx.doi.org/10.17815/jlsrf-2-58                                    Journal of large-scale research facilities, 2, A39 (2016) 
   7 
 
Mittendorff, M., Wendler, F., Malic, E., Knorr, A., Orlita, M., Potemski, M.  . . . Winnerl, S. (2015).  
  Carrier dynamics in Landau-quantized graphene featuring strong Auger scattering. Nature Physics,  
  11 (1), 75-81.  http://dx.doi.org/10.1038/NPHYS3164 
 
Naumann, L., Kotte, R., Stach, D. & Wüstenfeld, J. (2011). Ceramics high rate timing RPC. Nuclear    
  Instruments & Methods in Physics Research Section A-Accelerators Spectrometers Detectors and   
  Associated Equipment, 628(1), 138-141. http://dx.doi.org/ 10.1016/j.nima.2010.06.302 
 
Ozerov, M., Romhanyi, J., Belesi, M., Berger, H., Ansermet, J.-Ph., van den Brink, J.   . . .  
  Rousochatzakis, I. (2014). Establishing the Fundamental Magnetic Interactions in the Chiral  
  Skyrmionic Mott Insulator Cu2OSeO3 by Terahertz Electron Spin Resonance. Physical Review  
  Letters, 113(15), 157205. http://dx.doi.org/ 10.1103/PhysRevLett.113.157205 
 
Schillebeeckx, P., Becker, B., Danon, Y., Guber, K., Haradad, H.,  Heysea, J.  . . . Volev, K. (2012).  
  Determination of Resonance Parameters and their Covariances from Neutron Induced Reaction  
  Cross Section Data. Nuclear Data Sheets, 113(12), 3054-3100, Special issue.  
  http://dx.doi.org/10.1016/j.nds.2012.11.005 
 
Siebold, M., Röser, F., Löser, M., Albach, D. & Schramm, U. (2013). PEnELOPE - a high peak-power  
  diode- pumped laser system for laser-plasma experiments. High-Power, High-Energy, and High- 
  Iintensity Laser Technology; and Research using Extreme Light: Entering new Frontiers with Petawatt- 
  Class Lasers, Proceedings of SPIE, 8780, UNSP 878005. http://dx.doi.org/10.1117/12.2017522 
 
Tavella, F., Stojanovic, G., Geloni, G. & Gensch, M. (2011). Few-femtosecond timing at fourth- 
  generation X-ray light sources. Nature Photonics, 5, 162-165.  
  http://dx.doi.org/ 10.1038/nphoton.2010.311 
 
Teichert, J., Buchner, A., Büttig, H., Gabriel, F., Michel, P., Möller, K.  . . . Winter, A. (2006). RF status  
  of superconducting module development suitable for CW operation : ELBE cryostats. Nuclear  
  Instruments & Methods in Physics Research Section A-Accelerators Spectrometers Detectors and  
  Associated Equipment, 557, 239-242.  http://dx.doi.org/ 10.1016/j.nima.2005.10.077 
 
Teichert, J., Arnold, A., Büttig, H., Justusa, M.,  Kamps, T.,  Lehnert, U.  . . . Xiang, R. (2014). Free- 
  electron laser operation with a superconducting radio-frequency photoinjector at ELBE. Nuclear  
  Instruments & Methods in Physics Research Section A-Accelerators Spectrometers Detectors and  
  Associated Equipment, 743, 114-120. http://dx.doi.org/10.1016/j.nima.2014.01.006 
 
Wang, J., Wang, Y., Gonzales-Diaz, D., Chen, H., Fana, X.,  Li, Y.  . . . Wüstenfeld, J. (2013).  
  Development of high-rate MRPCs for high resolution time-of-flight systems. Nuclear Instruments &  
  Methods in Physics Research Section A-Accelerators Spectrometers Detectors and Associated  
  Equipment, 713, 40-51. http://dx.doi.org/10.1016/j.nima.2013.02.036 
 
Zeil, K., Kraft, S. D., Bock, S., Bussmann, M., Cowan, T. E., Kluge, T.  . . . Schramm, U. (2010). The  
  scaling of proton energies in ultrashort pulse laser plasma acceleration. New Journal of Physics, 12,  
  045015. http://dx.doi.org/ 10.1088/1367-2630/12/4/045015 
 
Zeil, K., Baumann, M., Beyreuther, E., Burris-Mog, T., Cowan, T. E., Enghardt, W.  . . . Pawelke, J.   
  (2013). Dose-controlled irradiation of cancer cells with laser-accelerated proton pulses. Applied  
  Physics B, 110(4), 437-444. http://dx.doi.org/10.1007/s00340-012-5275-3 
 
 
 
 
 
